Borealin/DasraB is a member of the chromosomal passenger protein complex (CPC) required for proper segregation of chromosomes during mitosis. In Drosophila melanogaster, inactivation of Borealin/DasraB results in polyploidy, delayed mitosis and abnormal tissue development, indicating its critical role for cell proliferation. However, the in vivo role of mammalian Borealin/DasraB remains unclear. Here, we analyzed the expression of Borealin/DasraB and found that borealin is widely expressed in embryonic tissues and later restricted to adult tissues which relies on rapid cell proliferation. To determine the role of borealin during mouse development, we generated borealin-null mice through targeted disruption. While heterozygous mice developed normally, disruption of both borealin alleles resulted in early embryonic lethality by 5.5 dpc (days postcoitus) due to mitotic defects and apoptosis in blastocyst cells that showed microtubule disorganization and no CPC enrichment. At 5.5 dpc, borealin-null embryos exhibited excessive apoptosis and elevated expression of p53. However, loss of p53 did not abrogate or delay embryonic lethality, revealing that Borealin/DasraB inactivation triggered impaired mitosis and apoptosis though p53-independent mechanisms. Our data show that Borealin/DasraB is essential for cell proliferation during early embryonic development, and its early embryonic lethality cannot be rescued by the loss of p53.
Introduction
Cell cycle progression is tightly regulated through interphase, mitosis and cytokinesis. During mitosis, successful chromosomal segregation requires dynamic changes of the mitotic spindle assembly, binding of microtubules to the kinetochores, chromosomal arrangement at the midzone and pulling of sister chromatids towards the two spindle poles (Adams et al., 2001; Andrews et al., 2003; Carmena and Earnshaw, 2003; Earnshaw and Bernat, 1991 for these mitotic events in organisms ranging from yeast to mammals and consists of at least four components Vagnarelli and Earnshaw, 2004) : Aurora B, a protein kinase; Inner centromeric protein (Incenp), an activation and targeting subunit; Survivin, an inhibitor of apoptosis-like protein; and the most recently discovered, Borealin/Dasra B (Gassmann et al., 2004; Sampath et al., 2004) .
Borealin/Dasra B was identified in human cell lines (Gassmann et al., 2004) , Xenopus extracts (Sampath et al., 2004) and cultured Drosophila cells (Hanson et al., 2005) and was found to co-localize with other CPC proteins throughout mitosis. During the early phases of mitosis, the CPC associates with chromosome arms and centromeres where it then accumulates during metaphase. In anaphase, the complex re-localizes completely to the spindle midzone and midbody of the spindle. Its role at the centromeres and central spindle is thought to be to correct attachment errors at the kinetochore. Evidence suggests that the CPC may be targeted to centromeric DNA directly by its Borealin/DasraB subunit Klein et al., 2006) . The correct localization of Borealin/DasraB in mitotic cells depends on the function of the other CPC components. RNAi-mediated depletion of Borealin/DasraB results in the mislocalization of Aurora B, Incenp and Survivin and causes multiple mitotic defects including failure in chromosome attachment to the spindle, development of multifocal spindles and uneven chromosome segregation. These defects typically result in multinucleate cells, aneuploidy and polyploidy (Gassmann et al., 2004) .
Although previous studies have analyzed the subcellular localization and role of the CPC in somatic cells, the distribution of borealin in other tissues and its role in embryonic development remain unclear. Cells that lack borealin frequently have delayed apoptosis in Drosophila (Hanson et al., 2005) . In incenp-or survivin-null mice, it is not known whether cells with multiple mitotic defects are capable of progressing through the cell cycle by escaping apoptosis. To address these questions, we generated borealin knockout mice by homologous recombination. We have found that most knockout mice are embryonic lethal due to a p53-independent fashion.
Results

Mouse borealin is widely expressed during development
Through an oligonucleotide array screen for highly expressed genes in neural stem/progenitor cells, we isolated Cdca8 (recently renamed borealin). To investigate the developmental expression of borealin, in situ hybridizations were performed on sections from C57BL/6 embryonic mice. This revealed a wide but variable expression pattern in different Fig. 1 -borealin expression during mouse embryogenesis. In situ hybridization analysis of a parasagittal section from a E14.5 embryo with a cRNA probe for borealin (A, left panel). Elevated expression levels are observed in the brain, lung, kidney and liver and are shown at higher magnification (A, right panel). borealin expression in the mouse brain from E10 to adulthood was detected by Northern blot (B). Borealin/DasraB protein was detected by Western blot using an affinity purified polyclonal anti-Borealin/DasraB antibody (C). tissues at E14.5 (Fig. 1A) . Northern blot analysis showed that the borealin transcript level was initially very high in the E10 brain, but subsequently decreased during mid-and lateembryonic development (Fig. 1B) . Similar to the human homolog, the mouse borealin gene generates a 1.7-kb transcript encoding a protein product with a molecular weight of 32 kDa (Fig. 1C) .
2.2.
Targeted disruption of the mouse borealin gene
To determine the function of Borealin/DasraB during development, we have generated a mouse strain that has the lacZ reporter gene targeted into the borealin locus which results in a borealin-null allele. To create this mouse, the borealin genomic sequence was isolated from a C57BL/6 mouse BAClibrary and inserted into a targeting vector. The borealin gene was disrupted through the insertion of a lacZ cDNA and a neomycin resistance cassette into exon 1 (Fig. 2A) . Genomic DNA was isolated from 96 G418-resistant colonies and 18 correctly targeted clones were identified by PCR analysis. By Southern analysis, the borealin 5 0 probe recognized both a 15-kb band and the 10-kb wild-type band in 3 clones (Fig. 2B) . Two of these targeted ES clones were then injected into C57BL/6 blastocysts and transplanted into pseudopregnant C57BL/6 females. Six chimeric mice obtained from these two ES clones transmitted the mutated borealin allele through the germ line, and the two lines led to the generation of mice with identical phenotypes, as described below. Heterozygous mice (borealin
) were fertile and developed normally. Cohorts of heterozygous mice were continued for up to 24 months and displayed no predisposition to ill health compared with age-and sex-matched wild-type littermates.
2.3.
Abundant borealin expression in the testes of adult mice
The wide borealin expression pattern during embryonic development prompted us to investigate its tissue distribution in adult mice. We examined expression of borealin in adult C57BL/6J mouse tissues and found that both borealin mRNA and protein were most abundant in the testis (Fig. 3A) . By histochemical staining for b-galactosidase on frozen tissue sections from adult heterozygous mice, lacZ expression was detected at very high levels in cells of the ba- sal compartment of the testis seminiferous tubes, including in the spermatogonial cells (Fig. 3B) . However, neural stem/ progenitor cells in adult brain showed little or no significant signals as judged by both in situ hybridization and b-galactosidase staining. Taken together, these results indicate that borealin expression relies on a rapid cell proliferation rate.
Disruption of borealin results in early embryonic lethality
We crossed borealin +/À mice to ascertain the viability of borealin-null mice (borealin
). The genotypes of 116 offspring were determined by PCR analysis of tail DNA at 4 weeks of age (Fig. 2C) . The borealin +/+ and borealin +/À mice were present at near the expected frequencies, but no borealin À/À mice were observed (Table 1) . These results indicate that borealin deficiency results in embryonic death. To determine the stage of embryogenesis when borealin disruption is lethal, we dissected embryos from the heterozygous crosses at several stages of development. We found no borealin À/À embryos at 9.5 or 14.5 dpc (Table 1) . To further investigate the nature of the lethality, we examined serial sections of embryos between 5.5 and 7.5 dpc. At 7.5 dpc, 7 out of 41 decidual swellings contained no embryos and maternal blood cells accumulated at these sites (Fig. 4) .
2.5.
Aberrant cellular morphology and defective growth in Borealin/DasraB À/À blastcysts
We collected blastocysts at 3.5 dpc from borealin +/À matings and found that borealin À/À embryos were at a normal Mendelian frequency (Table 1) . We observed that most borealin À/À embryos failed to form fully expanded blastocysts attached to the culture dish, and generated an apparently normal inner cell mass (ICM) and trophoblast giant cells (TG) (Fig. 7A -C), all 10 of the borealin À/À embryos showed abnormal morphologies at 3.5 dpc, failed to hatch, and gradually became smaller after in vitro culturing before finally collapsing ( Fig. 7E-G ). This finding suggests that the borealin À/À blastocysts fail to develop beyond 3.5 dpc and that Borealin/ DasraB is essential for cell proliferation. 
2.6.
Chromosomal segregation and cytokinesis defects in Borealin/DasraB À/À embryos Closer examination of embryos at 3.5 dpc revealed that normal embryos had the same morphology as those from borealin +/+ matings; however, the abnormal embryos showed micronuclei formation, a variable nuclear size, an irregular nuclear morphology and multinucleation (Fig. 6A , white arrows), indicating that Borealin/DasraB depletion caused defects in segregation of mitotic chromosomes. Simultaneous Tubulin staining revealed that the normal embryos had an extensive fibrous Tubulin network and contained midbodies that were reminiscent of completed mitotic divisions. In all of the 11 similarly stained abnormal embryos, Tubulin staining appeared diffuse and patchy with highly condensed dots (Fig. 6A , open arrowheads), and intercellular midbodies were not detected. This indicated that mitosis failed to reach telophase/cytokinesis due to a defect affecting microtubule organization.
Disturbed CPC localization in Borealin/DasraB
À/À embryos In addition to chromosomal segregation and cytokinesis defects, we also investigated CPC localization in affected embryos at 3.5 dpc. Aurora B and Survivin co-localization was clearly detected at intercellular midbodies in normal embryos; however, in all of the morphologically abnormal embryos, these markers were localized diffusely to the cytoplasm with no detectable enrichment (Fig. 6B ). This indicated that not only microtubule organization, but also Aurora B and Survivin localization are dependent on the correct localization of Borealin/DasraB.
2.8.
Borealin deficiency leads to apoptotic cell death
In 10 out of 38 implantation sites analyzed at 5.5 dpc, embryos appeared morphologically disorganized, degenerated and in an advanced stage of resorption (Fig. 8E) . These embryos also lacked any detectable structures, such as embryonic or extraembryonic ectoderm or preamniotic cavities. To assess whether the deficiency of Borealin/DasraB resulted in apoptosis in borealin À/À embryos, we labeled implantation sites with TUNEL. We found that the borealin À/À cells were TUNEL positive (Fig. 8F ) and strongly stained with an antibody that specifically recognizes active caspase 3 (Fig. 8G) . We further examined this apoptosis phenotype in our culture system and found that apoptosis had already taken place in the growth-arrested borealin À/À embryos by 5.5 dpc (Fig. 7H ). Taken together, these findings show that borealin À/À embryonic lethality is correlated with mitotic failure and subsequent delayed apoptotic cell death in vivo and in vitro.
2.9. p53 deficiency does not rescue embryonic lethality in borealin À/À embryos at 7.5 dpc
It has been suggested that p53 may play a critical role in preventing aneuploidy by blocking endoreduplication of tetraploid cells that result from mitotic failure (Giono and Manfredi, 2006) . To address the possible involvement of p53 in borealin À/À cell death, we investigated its expression at implantation sites of 5.5 dpc embryos. We found an accumulation of p53 protein in knockout embryos that was not observed in wild-type littermates, suggesting the involvement of p53 in early embryonic lethality (Fig. 8H) . Furthermore, we found that treating cultured cells with a borealin-specific short-interfering RNA (siRNA) resulted in the accumulation of p53 (Fig. 8I) . To ascertain whether the early embryonic lethality of the borealin mutation could be rescued by p53 deletion, we generated borealin
bryos. However, we have been unable to obtain viable double knockout pups at 7.5 dpc among 71 genotyped offspring ( Table 3 ), indicating that the borealin embryonic lethality phenotype was not rescued by the loss of p53. Together, the result indicated that p53 inactivation does not suppress the cell proliferation defects and apoptosis.
Discussion
We have showed here that Borealin/DasraB is expressed in proliferative cells and has an essential role for proper mitotic regulation during early embryonic development. We found that borealin is widely expressed throughout embryonic development and its expression declines towards the later stages of embryonic development into adulthood. We also found that in adult tissues, borealin expression is abundant in the testis, and is most strongly expressed in spermatogonial cells. Its elevated expression in cells within rapidly growing tissues may highlight a critical aspect of its function during cell proliferation.
Here we have employed homologous recombination to create a borealin gene knockout. Depletion of Borealin/DasraB resulted in a mutant phenotype by 3.5 dpc, and the resorption of embryos by 7.5 dpc. Trophectoderm generated at E2.5 establishes a somatic cell-type cell division pattern as well as a peculiar endoduplication that gives rise to giant cells in blastcysts. In contrast, the inner cell mass cells maintain embryonic cell division albeit with a short G1 phase. Since E2.5 trophectoderm cells are in the process of making the transition from early embryonic cell divisions that rely heavily on maternal mRNAs and kinetochores to cells whose survival is no longer dependent on such maternal products, it is likely that disruption of the borealin gene results in the complete loss of Borealin/DasraB function in trophectoderm cells at E2.5. Heterozygous borealin +/À mice show no apparent abnormalities in development or fertility, indicating that one functional copy of the gene is sufficient for normal development. Additionally, we have shown that mitotic defects in borealin À/À embryos cause apoptosis by 5.5 dpc and contribute to the rapid collapse of blastocysts in vivo and in vitro. Therefore, the borealin À/À embryo cells at 3.5 dpc may be at an earlier step in the apoptotic process, but they can still undergo several consecutive abnormal mitoses, which results in the multinucleation that eventually forces the cells to undergo apoptosis later at 5.5 dpc. Inactivation of incenp or survivin, two additional members of the CPC complex, in mice yields similar phenotypes to the borealin knockout including early embryonic lethality before 4.5 dpc and severe defects in microtubule assembly, chromosome segregation and cytokinesis (Cutts et al., 1999; Uren et al., 2000) . Early mitotic defects in these mice results in the formation of micronuclei and/or macronuclei which suggests erroneous chromosomal segregation during anaphase. The increased number of abnormal nuclei in 3.5 dpc CPC mutant embryos indicates that mitotic progression has been delayed or arrested. Mitotic delay or arrest can result from a metaphase checkpoint that serves to delay the onset of anaphase by monitoring proper bipolar microtubule attachment at the kinetochore and metaphase congression (Carvalho et al., 2003; Lens et al., 2006 Lens et al., , 2003 Li et al., 1998) . We speculated that cells lacking the CPC function may not be required for the initial spindle attachment checkpoint and that they can transiently escape apoptosis; however, the survival capacity of these cells is limited and they finally undergo apoptotic cell death.
In Drosophila, mutations in other members of the CPC complex can cause non-autonomous patterning defects in adjacent wild-type cells, potentially through the Wingless signaling pathway (Hanson et al., 2005; Chang et al., 2006a) . Apoptotic cells activate transient bursts of extracellular signaling by Wingless, to induce compensatory cell division in wild-type neighbours (Hanson et al., 2005) . It is unclear whether the apoptotic cell death observed in the borealin À/À embryos occurs in a cell-autonomous or non-autonomous fashion. Future studies will elucidate whether the loss of CPC components induces non-autonomous effects in mammalian cells as observed in Drosophila.
Although we have shown that p53 accumulation is correlated with the proliferative block in borealin À/À embryos, the borealin knockout was not rescued by deletion of p53, indicating that p53 functions as an initial defense mechanism for aneuploidy recognition in differentiated embryonic cells. Our evidence for p53-independent developmental arrest in borealin À/À p53 À/À embryos is consistent with previous work which describes p53-independent cell cycle arrest and apoptosis in mouse embryonic stem cells (Prost et al., 1998; Aladjem et al., 1998; Schmidt-Kastner et al., 1998) . Our work suggests that similar p53-independent mechanisms may exist in embryonic tissues. CPC has recently emerged as an important factor for the spindle assembly checkpoint . Deregulation of the CPC can promote tetraploidy or aneuploidy and loss of heterozygosity (Nguyen and Ravid, 2006) . The phenotype of borealin À/À blastocysts supports its possible involvement in tumorigenesis due to its critical roles in mitosis and cytokinesis. Additional evidence has shown that Survivin is associated with prognosis in many tumors and the potential of chromosomal passengers as mediators of tumorigenesis (Nguyen and Ravid, 2006) . Aberrant Borealin/DasraB expression is linked to gastric cancer (Chang et al., 2006b) . It may also be of interest to examine the effects of crossing borealin gene hypomorphs with well-known mouse tumor models to determine whether the reduced expression of Borealin/DasraB may mediate tumorigenesis. The Rb +/À p53 À/À mice show enhanced tumorigenesis compared with Rb +/À mice, and the tumors from Rb
often show Rb loss of heterozygosity, which is likely due to the increased chromosomal instability in the absence of p53 (Livingstone et al., 1992) . Therefore, the lack of p53 could also accelerate the onset of tumorigenesis in borealin
mice by promoting borealin LOH. Furthermore, the human borealin gene is localized to chromosome 1p34, where genetic alterations commonly occur in many types of cancer including lung, breast, neuroblastoma, pheochromocytoma and colorectal carcinoma, and this region has been proposed as a prime location of tumor suppressor genes (Henderson et al., 2005; Schwab et al., 1996) . borealin +/À p53 À/À mice will help us determine whether borealin functions as a mediator of tumorigenesis, perhaps due to haploinsufficiency.
4.
Experimental procedures
In situ hybridization analysis
Mouse embryos, deciduae and adult tissues were fixed overnight in 4% paraformaldehyde in phosphate-buffered saline (PBS) (pH 7.3), dehydrated and embedded in OCT compound (Sakura Finetechnical). Blocks were sectioned as 7-50 lm slices with a cryostat (CM1850,LEICA) for histology, immunohistochemistry and in situ hybridization analyses. A fragment covering the borealin cDNA was prepared by reverse transcriptase-PCR amplification of mouse testis total RNA with forward (5 0 -ATGAGAGGACAACAGG ACAC-3 0 ) and reverse (5 0 -AACAGCAAGCTTTCAGTAGAC-3 0 ) primers and then inserted into pBluescript (Stratagene). A digoxigenin (DIG)-labeled RNA probe was transcribed from borealin cDNA using a DIG RNA labeling kit (Roche). The hybridization procedures have been described previously (Osumi et al., 1997) . Hybridization signals were detected with an AP-conjugated anti-DIG antibody (Roche) and nitroblue tetrazolium and 5-bromo-4-chloro-3-indol-phosphate (Wako).
4.2.
Northern blot analysis
RNA from embryos and adult tissues of C57BL/6J mice (Charles River Labs) was extracted using the TRIzol reagent (Invitrogen) according to the manufacturer's instructions. RNA (15 lg in each lane) was separated on a 1.0% agarose gel, transferred onto a Hybond-N membrane (GE healthcare) and hybridized to a 32 P-labeled cDNA probe using standard methods (Sambrook and Russell, 2001 ).
Targeted mutagenesis
The borealin-neomycin resistance gene targeting vector was constructed in several steps from subcloned fragments of a bacterial artificial chromosome clone RP23-168M5 obtained from ResGen. The final borealin targeting construct consisted of a 5 0 homology fragment (6.2 kb), a reporter and a selection marker gene cassette (lacZ and neomycin resistance gene) (Murata et al., 2004) to replace the borealin open reading frame in exon 1, and a 3 0 homology fragment (5.2 kb). A diphtheria toxin A gene cassette was included in the construct as a negative selection marker against random integration (Yagi et al., 1993a) . For gene targeting, linearized vector DNA was introduced into TT2 embryonic stem (ES) cells by electroporation (Yagi et al., 1993b) . After drug selection, genomic DNA of drug-resistant clones was analyzed by PCR and Southern blotting with 5 0 and 3 0 flanking probes and an internal neomycin probe. Male chimeras were generated by injection of ES cells into C57BL/6 blastocysts, and germ line transmission was verified by Southern analysis. borealin heterozygotes (borealin +/À ) were subsequently crossed. The p53 mutant mice used in this genetic analysis were described previously (Takeda et al., 2006) .
4.4.
Southern blot analysis and PCR genotyping of the mouse borealin locus Genomic DNA was extracted from gene targeted ES cells, mouse tails, or embryonic tissue. Southern blot hybridization was carried out with ScaI-or SpeI-digested genomic DNA by using 5 0 -or 3 0 -external probes. For PCR analysis, the following primers were used: forward (5 0 -GCAGAGTTCTGGAAACCTAG-3 0 ); wild-type (5 0 -CAGGAAGGAGGCGAGCTTC-3 0 ); and lacZ (5 0 -TTCCCAGTCACG ACGTTGTA-3 0 ). The wild-type PCR product was 170-bps whereas a 300-bp fragment was generated from the mutant borealin allele reaction. Genotyping of the preimplantation embryos was assessed by nested PCR. The following primers were used for the second round of PCR amplification: forward (5 0 -CTCCAACGAC TGAACTTTCTC-3 0 ); wild-type (5 0 -AGCGTGTTGGTCCTGGTTC-3 0 ); and lacZ (5 0 -TCCATGGTTGTGGCAAGCTT-3 0 ).
Immunohistochemical and b-gal staining
The frozen sections were immersed in 10% goat-serum in PBST (phosphate-buffered saline plus 0.05% Tween-20) for 30 min and then incubated with an anti-active caspase 3 antibody (rabbit monoclonal, Beckton-Dickinson) and an anti-p53 antibody (FL-393, Santa Cruz) at 4°C overnight. A Cy3-conjugated anti-mouse IgG (Jackson) was used as the secondary antibody. After washing with PBS, the sections were examined under a fluorescence microscope (IX70, Olympus) equipped with a cooled CCD camera (Olympus). To detect b-galactosidase activity, frozen sections were fixed for 5 min in 4% paraformaldehyde in 1· PBS buffer (pH 7.3) at room temperature, washed three times for 5 min in a b-galactosidase rinse buffer (0.2 M sodium phosphate, pH 7.3, 2 mM MgCl 2 , 0.01% sodium deoxycholate, 0.02% Nonidet P40) and then transferred to a bgalactosidase reaction mixture (0.2 M sodium phosphate, pH 7.3, 5 mM K 3 Fe(CN) 6 , 5 mM K 4 Fe(CN) 6 , 2 mM MgCl 2 , 0.01% sodium deoxycholate, 0.02% Nonidet P40, 1 mg/ml X-gal) at 37°C overnight. After washing once with PBS, the sections were examined.
Blastocyst culturing
Blastocysts were collected by flushing the uteri of pregnant females from borealin heterozygous crosses with Hepes-buffered medium 2 (M2; Sigma) at day 3.5 of gestation. For in vitro culturing, blastocysts were individually cultured for 2 days in 96-well plates containing complete ES medium without leukemia inhibitory factor at 37°C in 5% CO 2 . The cultured blastocysts were examined and photographed daily for up to 2 days. At the end of this observation period, the tissue was scraped off the dish for DNA extraction and PCR genotyping.
4.7.
Immunocytochemical staining and in situ detection of apoptosis For immunocytochemical staining, 3.5 dpc embryos were placed on MAS-coated slides (Matsunami glass), fixed with paraformaldehyde (PFA) in PBS for 10 min at room temperature, and then blocked in PBS containing 1% BSA, 10% Donkey serum and 0.1% Tween-20. Slides were incubated with mouse monoclonal anti-AIM-1(BD biosciences), rabbit polyclonal anti-ab-Tubulin and monoclonal anti-Survivin (Cell Signaling) for 120 min at room temperature. Slides were then washed three times in PBS. FITCor Cy3-conjugated anti-mouse or rabbit IgG (Jackson) were used as secondary antibodies.
For in situ detection of apoptosis, 3.5 dpc blastocysts were cultured for 2 days, fixed with 4% PFA in PBS for 20 min at 4°C, and then subjected to permeabilization for 20 min at room temperature with PBS containing 0.2% Triton X-100. TUNEL assays were then performed by using an in situ apoptosis detection kit (Takara). Briefly, the fixed and permeabilized blastocysts were labeled with the TUNEL reaction mixture for 60 min at 37°C. The nuclei of these blastocysts were simultaneously labeled with DAPI. Fluorescein-labeled DNA, indicating DNA fragmentation, was then analyzed under a fluorescence microscope (DM6000/FW4000, Leica).
4.8.
siRNA-expressing construct HEK293 cells were passaged in DMEM/10% FBS with penicillin and streptomycin in 37°C/5% CO 2 . To reduce endogenous Borealin/DasraB expression in HEK293 cells, we used pSilencer 2.1-U6 neo vector (Ambion) to express a short hairpin RNA. The target sequences of the synthetic oligonucleotides for siRNA against Borealin/DasraB were as follows: B/DB 5 0 -AAAGGTCAAGCCGTGC TAACA-3 0 ; and Ctrl, 5 0 -GGTTATGTACAGGAACGCA-3 0 (GFP control). HEK293 cells were plated onto 10-cm plates and transfected with 8 lg plasmid designed to express the siRNA to borealin using Nucleofector (Amaxa) according to manufacturer's instruction. Cells were harvested after 24 h and subject to Western blot analysis.
4.9.
Western blot analysis
